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FOREWORD

This document is submitted in compliance with Item I, Exhibit A,
Task 5.13 of Contract AF 04(695)~150 in accordance with Con-
tractor Specification SSS-TIII-010-DRD, Program 624A Data
Requirements Document, Revision 3, dated 15 April 1963, Line
Item 1K-62 (SSLV-5 No, 9 Post Firing Flight Test Report) and
Line Item 3C-4 (MOL-EFT Final Flight Test Report).
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SUMMARY

Program 624A, Standard Space Launch Vehicle C-9 (MOL/HSQ)
was launched from Complex 40 at the Eastern Test Range on
3 November 1966 at 13:50:42.20 GMI' (08:50:42.20 BST). This
vehicle was the sixth test of the Titan IIIC configuration
and the tenth test of 624A program.

The flight test was conducted according to Flight Plan VI,
The payload consisted of a MOL simulated laboratory containing 11
experiments and the MOL configuration Gemini capstle using &
heat shield containing an egress hatch. The countdown for the
vehicle was picked up at T-615 minutes and proceeded without
incident until T-30 minutes. A hold was called at that time to
evaluate abnormally high winds aloft and their effect on the
Gemini wind load constraint (Q-Alpha) of 4500 1b/deg/fte.
During the 1 hour and 45 second hold, it was necessary to
repressurize the Stage I oxidizer tank due to decaylng pressures
resulting from the 44°F ambient temperature. The count was
resuned and proceeded until T-3 minutes when another hold
lasting 6 minutes was called to evaluate the latest
meteorological data. The count was resumed and the vehicle
was launched from Pad 40 at 13:50:42.20 GMT (08:50 EST).

Stage O operation was satisfactory with accelerations
slightly lower than predicted. Stage O/I seperation was
normal and airborne staging cameras recording that event
were recovered.

Maximum aerodynamic loads occurred at 58 seconds and
max Q=-Alpha occurred at 55 sgconds. Max Q-Alpha was
approximately 3200 lb-deg/ft , well below the Gemini
constraint of 4500 lb-deg/fte,

Stage I operatlon was satisfactory with acceleration
levels higher than predicted. "POGO" oscillations were
minimal, approximately 0.l g's zero-to-peak at 8TFS1 + 100
seconds. Shutdown was by oxidizer exhaustion. An
unexplained transient on the S/A 2 pitch actuator was
no-ed during the engine shutdown transient., Stage I/TI
separation was normal.
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Stage II operation was 'normal with accclerations slightly
lower than predicted. Shutdown was by oxidizer exhaustion.
£tage II;I1I scparation was normal.

Stage III first burn operation was normal with accelerations
slightly higher than predicted. Shutdown was by velocity-to-be
gained with a burn time of 12.799 seconds less than predicted.

Gemini separation was normal and was achieved at an altitude
of 523,273 feet to evaluate re-entry effeets on the modiried
heat shield. Re~entry occurred at approximately 400,000 feet
and the spacecraft was successfully recovered.

However, the retro operation of the vehicle following
spacecraft releasc left the transtage/sim lab vehicle with a
pitch down rate rather than the predicted pitch up rate.
Analysis indicates that all retro notors firedé normally out
torques created by retro motor plume impingement upon
adjacent skin surfaces moré than compensated for the pitch
up torque created by the non-symetrical arrangement of
the motors (3 on top, 2 on the bottom) and the ACS pitch
up thrust. Consequently after retro motor bwrnout the ACS
activity to orient the vechicle to a 90 degree pitch up
attitude for transtage second burn was considerably longer
than scheduled.

The unscheduled ACS activity resulted in throat erosion
of 3 ACS nozzles (roll #2, 4 & 8) and excessive propellant line
temperatures on the yaw/roll modules from heat soak-back. In
addition, all orbital ACS maneuvers required considerably more
than scheduled activity dve to the reduction of control
authority that resulted from ACS nozzle plume impingement forces
acting on the relatively long moment arm for this vehicle
configuration (distance between vehicle CG and location of
the ACS modules). As a result of the additional ACS activities,
several peculiarities in the ACS were observed following Gemini
seperation culminating in loss of vehicle attitude contrel due
to ACS propellant depletion on ‘the 4th and final orbit.
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Transtage second burn following Gemini separation was
satisfactory. Accelerations were slightly higher than
predicted.

During the coast period between second and third burns,
ACS back up mode activity was observed, a result of reduced
ACS control authority from ACS nozzle vlume impingement as
previously discussed.

Transtage third burn was satisfactory. Accelerations
were slightly lower than predicted. A near circular orbit
¢’ 165 by 168 nautical mil-~s was achieved. Following third
burn, OV1-6 and OV4-1 (transmitter and receiver) satellites
viere ejected.

Data indicate more than scheduled ACS activity to
control the vehicle at satellite release and to accomplish
vianned maneuvers following third burn FS2. As previously
discussed, the additional activity was a result of reduced
ACS contro,, authority due to the normal ACS nozzle plume
impingement forces acting on an unusually long moment arm
created as & result of the transtage/MOL configuration
CG location. The transtage/MOL configuration places the
CG approximately 13.3 feet forward of the ACS modules
compared to approximately 2 feet forward for other
T-II1IC vehicle/payload configurations.

The greater than scheduled ACS activity in both routine
maneuvers and as a result of the residuasl pitch down rates
following Gemini separation resulted in excessive propellant
temperatures for all ACS modules from heat soak-back. The
excessive temperatures in turn caused the oxidizer to
vaporize, drastically shifting ACS nozzle mixture ratio
during pulsing. As a result chamber pressures were
considerably reduced, particularly on the yaw 7 nozzle.

Tuel flow was increased due to the reduced chamber back-
pressure and more pulses were required at the reduced

chamber pressures to produce the required impulses. This
inefficient operation plus the additional ACS activity

needed due to reduced control authority from plume impingement
resulted in ACS propellant exhsustion during the 4%th and
final orbit and precluded the final planned manuever which
was to impart pitch and roll rates to the vehicle prior to
disebling the booster.

O Tm—




L

Lab support of the experiments was completely satisfactory
and results of the 11 experiments hare been satisfactory
except for the ORBIS LOW experiment (ionospheric sounding
experiment), the Corner Reflectors experiment, and the njcro-
meteoroid detector experiment. None of the experiment
failures was attributed to the booster behavior or lab
support.
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1.0 INTRODUCTION

On 3 November 1966, the sixth Titan IIIC standard space 3
launch vehicle flight test was made at the AFETR. ZLaunch of [
this vehicle C-9 (AF Serial No. 66-002), was from Complex 4O at
13:50:42:20 Greenwich Mean Time (08:50:42:20 EST).

Vehicle 9 consisted of a core vehicle with two United Tech-
nology Center solid rocket motors (SRM 11 and SRM 12) positiohed
parallel to the coie in the yaw plane. The flighl best was con- :
ducted according to Flight Plan VI, 1 4

! The purpose of the mission was to inject the unmanned Gemini

} spacecraft into a sub-orbital trajectory which would result in

I ’ the Gemini spacecraft impacting near Ascension Island. After

i separation of the Gemini spacecraft it was planned to pitch up

1 : the transtage and the Manned Orbiting Laboratory (MOL). The second

transtage burn would then produce a transfer orbit having an apogee

} . of 160 n. mi. Upon reaching apogee, a third firing of the tran-

‘ ; stage main engines would circularize the orbit at approximately

ﬂ ; 160 n. mi. The OV1-6, OVk-1R, and OV4-1T satellite would then

‘ be injected into orbit. Vehicle attitude control was to Le E

i (T maintained for U orbits following orbit circularization. At the
" end of the Wth orbit a pitch and roll rate was to be imparted

to the vehicle after which vehicle control was to be disabled.
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2.0 CONCLUSIONS

2.1 Dac: Evalu:tion

2.1.1 ¥ehicle SSLV-5 KNo. 9 perfora.nce wrs siti<f . .ctorv. W
e jor burduare probleas were identified.

2.1.2 Vehicle stiitude controi it retro-fire folloving Ceasei
<ep:r.tion :nd Juring the corst p-riods wus less cffective (o n
predicted due to plume .acingewent fices hich were ool considere!?
in the pre-ftight predictions. As 2 result, (S propell nt

exh :<ti.n occurred during the finsl orbit od sceversi 0>
peculi:rities wece observed.

2.1.3 ML Si= L:b support of the v rfous experiments and
satellites wis coovletely satisfictory.

2.2 Det:iled Test Obilectives

All prisiry und secondary test objectives for the flight of
vehicle C-9 were met. The objectives sre described in Perospace
Corporition Repor: No. T. O.R. -569 (6116-50)-9 Frozram 6244
System Test Objectives for Titan IITC-9 (AF Seriil No. 65-002),
Voluse I, August, 1966, Detersminition of ..ccomplishment of
each objective is based on the definitions outlined in par.gr._ph
3.1 of th:t report.
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3." Svege~ Fr:lu:.tion

1.1, Pre-Countdown
The core vehicle vith the simul.ted |:bor tory w.:s received
t Cxpe Renne’y on the iBth .ad 20th of Avgust 1966, The core
velicie ereclion w.s completed on Z1 August 9%, The sizuited
I .bor torv w:s sm:ted 1o the core on 29 Aupust !96n, Power w.s
pplicd to the core on 31 August 1966, The rehicle w:s moved to
ths 35 E on 21 September 1966, und to the !.uieh p-d on 27 Sept.
0hn,  The fozmini "BY spicoornfl was Zated T the Sovsier o
3 October %45, The launch CST wss conducted on 28 October 1966.
~ more det.ilel description of the pre-countdown .-tivities
associ:teé¢ with the paylo:d is giver in the ~, . .. section of
this report,

3.1.2 Countdown

The countdown for the vehicle was picked up ..t T-615
airutes an! proceeded without incident until! T-30 ainutes. A
hold w2s s:1lz3 at tind Lime to evaluate the high winds aloft and
their effects the Gemini wind load constrzint (Q-Alphi) of
4500 1p/deg/ft”. During the 1 hour ind 45 second hold, it was
necesssry to repressurize the Stige I oxidizer t.ak due to
dec.:ying pressures resulting from the 44 F ambient temper iture.
The count was resumed .:nd proceeded until T-3 =inutes when
..nother %oid lasting 6 minutes was c.ulled to ev.luite the latest
cetewr~logic:] d:t:, The count was resumed ani the vehicle w.s
lienched from Pad 40 ot 13:50:42.20 GMT (08:50 EST).
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3.1.3 Fught
3.1.3.1 Flight Sequence of Events

The flight sequance of events is summarized in
Table 1 and significant performance parameters for the various
stages arc presented in Table 2.

Caution should be exercised when using the various
stage pertormance mmbers given in Table 2 and in the sections
for performance. Estimate of vehicle performance contained
in this report are derived primarily by meens of analytical
evaluation of differences between predicted and ovbscrved axial
accelerations and velocity gained within the varidus phases
of flight. For comparative purposes, observed and predicted
average values of longitudinal thrust, weight decay rate
and effective specific impulse are listed in Table 2. The
"quick~look” amalytical techniques used in deriving vehicle
performance characteristics from trajectory data requires
the use of such averanes or effective values. Caution
should be used in comparing these values to transient or
steady state values derived from telemetered internal
propulsion system data. Thrust histories are presentod
based on observed axial accelerations from the IGS and
average weight decay rates derived from propellant sensor
data.

3.1.3.2 Aerqglpamic Environment

3.1.3.2.1 Obsgerved Wind Data

The CKAFS atmospheric sounding data, obtained
apgroximately 30 minutes before liftoff, is presented in Figures
1 and 2. The wind speed profile is prescnted as a function of
altitude .n Figur~ 1 and the wind direction, also a function of
altitude, is presented in Figure 2.

A wind sounding taken 3 hours before liftoff showed
a maximum wind speed of approximately 150 knots which caused |
consliderable concern in that it was felt that if a launch
was attempted in this severe wind environment the Gemini
structural constraints might be exceeded. The wind sounding
taken 30 minutes before liftoff indicated the mayimum wind

i, ;‘m’ s 1832 5o ot S0
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TABLE i

TITAN IIIC VEHICLE C-9
FLIGHT SEQUENCE OF BVENTS

OBSERVED

ZULU{TIME  LIFIOF¥ T1MK

BVENT (HR, MIN, SEC)

IGS GO Inertial

SRM Ignition (T-0

Liftoff

Start Roll Program

End Roll Progran

Start Pitch

MDS S/D Enable

A/P GC # (Load Relief In)

Remove A/P GC #1 (Load Relief
Out )

A/P GC #2

Operate TPS Power 3witch
and Enoble Stag: I
Engine Start

Start Stage I lngine (81FS-1)
Disable SRM ISCS

MDS SRM Bypass

TCA Cover Separation Ordnance

Start Staging Camera

Remove TCA Cover Separation
Ordnance

Remove A/P GC #2
A/P GC #3
Stage 0/1 Separation Ordnance

Start 12.5 Seconds Time
Delay for Staging Camera
Ejection

Remove A/P GC #3

13:50: 38.876
13:50:41.83
13:50:k2.2

13:50:48.977
13:50:51.977
13:50:53.177
13:51:02.732

13:51:22.731

13:52:03.731
13:52:03.Th2

13:52:03. T4
13:52:32.382
13:52: 32,382

13:52: 32,382
13:52:32,382

13:52:32.382

13:52:37.367
13:52: 44,429
13:52: 44,429
13:52.44 429

13:52: 44,429
13:52:37.732

OBSERVED
(skc)

=333

~0.370
0

6.777

9777
10.977
20.532

40,531

61.531
8l.542

8l.542
110.182

110.182
110,182
110,182

110,182

115.187
122.220
122.229
122.229

122.229
175.532

11

PRUDICTED
LIFTOFF
C1IME (SEC)
- 3 . O
"O . 2 ‘)
0
5

9
10

20
4o

(9 2]
[

81
108

108
108
108

108

113
120
120
120

120
175

e b,




3
i
‘ (T TABLE 1 (Cont.) 12
OBSERVED OBSERVIED PREDICTED
ZULU TIME LIFPOFF TIM{  LIFTOFF
EVENT (HR, MIN, SEC) (sic) PIME (SBC)
| AP GO #3A 13:53:37.73L 175.531 175
i Remove A/P GC 3A 13:5h: 34,731 232,431 232
AP GC #4 " 13:5k: 30,781 232,581 237
Disable Stage I ISDS 13:54:45,732 “h3.932 2h3
Bnable TCPS S/D 13:54:45,732 243,932 243
; MDS Sensor Bypass 13:55:00.377 258,177 259 %
‘ Enable A/P GC #5 13:55:00.377 258177 259 1
Interrupt GC #4+ (Within A/P)  13:55:00.377 258,177 259 §
Enable Stage I/II Scparation 13:55300.377 258,177 239 %
S/D Stage I Enginc (87FS-2) 13:55:00. 377 258,177 259
Start Stage II Engine (91FS-1) 13:55:0Q.377 258,177 259
Pressurize Stage III Tanks 13:55:00.377 258,177 270
Safe Stage I -~ Destruct
( Initiators 13:55:00.377 258,177 2R9
Disable Stage II ISDS (Backup) 13:55:22.731 260.531 280
$.C. GC 13:55:22,731 280.531 280
Remove A/P GC #4 13:56:36.73L 354.531 354
Stage II S/D Enable 13:58:31.396 459,196 461
S/D Stage II (91FS-2) 13:58: 31, 396 459,196 461
Bypass Stage II MDS Sensors 13:58: 314396 459.196 461
Enable ACS 13:58:31.396 459,196 461
PS & Stage I1II HS 13:58:31.396 459,196 h61
Disable Stage II ISDS 13:58:31.396 459.196 461
Pressurize Stage III Tanks 13:58: 31,396 459,196 461
S.C. GC 13:58:21.396 459.196 4ol
Clear Discrete Matrix 13:58:23.396 461.196 463
Clear Discrete Matrix 13:58:25,.395 463.195 465
Clear Discrete Matrix 13:58:25,395 L63.195 L65
Start Reset Discrete Matrix 13:58:27.394 465.194 467
Hold T/M Transmitters On 13:58:29.393 %67.193 469
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TABLE 1 (Cont.)

BVINT

Maintain MDS S/D Enable
Maintain PS, Stage III B
Stage III Tank Pressurization

Apply Power to Discrete
Arming Buss #2

Stage II/III Separation
Ordnance

Remove A/P GC #5
Disable ISDS

Maintain Power to Discrete
Arning Buss #2

Stage III Start (136FS-1(1))
A/P GC #7 and Unlatch Engine

Disable ACS

Enable Stage III Tank
Pressurization (Backup)

Signal to Zero G Prop. Bxperi-
mant

A/P GC #8 (Remove A/P GC #7)
Pitch Roli Mix

Stage III S/D (138FS-2(1))
Enable ACS

Disable Stage III Tank
Pressurization (Backup)

Romove Signal to Zero G Prop.
Bxperiment

Pitch Roll Mix

Remove FS & Stage III HS
and Disable Stage III Tank
Pressurization System

OBSERVED
ZULU TIM&

(HR, MIN, stcC)

13:58.29.393
13:58.29.393
13:58:29.393

13:58:29.393

13:58:31.392
13:%3:31.392
13:58:31:392

13:58:31.392
13:58: 34,409
13:58: 34,409
13:58: 34,409

13:58: 34,409

13:58: 34,409
1k:02:24,732
14:02:24,732
1k:03:42.009
14:03: 42,009

14:03:42,009

14:03:42,009
14:03:42.009

14:03:44,391

OBSERVED
LINTOFF TIMg
(sic)

467.193

467.193
467.193

467.193

469.192
469,192
469.192

469.192
472,209
472,209
472,209

k72,209

472,209
702.532
702,532

779.809
779.809

779.809

779.809
779.809

780.191

13

PREDICTED
L1FPOFY
PIMe (SKc)

469

469
469 3

o

o
471
L1

P
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783

783

783
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TABLE 1 (Cont.)

EVENT

Remove A/P GC #8 and Latch
Engine

Gemini Spacecraft Separation
Remove S.C. GC
P/L MDS Disable

A/P GC #+ (No Effect on Coast
Control A/P)

Turn on ACS Nozzle Heaters

Arm TPS Ordnance Buss
Eneble Lab Sequencer
Stage III Retro~thrust

PS & Stage III HS, and Enable
Stage III Tank Pressuriza-
tion System

Remove Gemini Spacecraft Sep.
Signal

Remove A/P GC #4+
Turn Off ACS Heaters
Stage III Start (136FS-1(2))

A/P GG #8 and Unlatch Engine
Disable ACS

Enable Stage III Tank Pressurie

zation System

Signal to Zero G Prop.
Experiment

S.C. GC

Lab Signa) #.

Open Doors for HITC and ORBIS
Stage III 8, D (138Fs-2(2))

OBSERVED
ZULU TIME

(HR, MIN, SEC)

1h4:03:44,301
14:04:12,437
14:04:12,394
1h:04:15.393

14:04:15.393
14:04:15.393
14:04:15,.393
14:04:15.393
14:04:15.438

14:04:26,391

14:04:26.391
14:04:26.393
1L4:04:26,393
1h:0k:1 46,459

1h:04146.459
14:04: 46,459

14104 46,459

14:0k: 46,459
14:0bs 46,459
14:04:46,459
14:04:46.459
14:05:29,126

1h

OBSERVED
LIFTOFF TIMS
(sec)

782.191
810.237
810.194
813.193

813.193
813.193
813.193
813.193
813.238

824,191

824,191
824,193
824,193
844,259

844,259
84k ,259

84k,259

81k, 259
8,259
8k, 259
814,259
886,926

PREDICTED
LIFTOFF
PIME (SKC)

785
813
813
816

816
816

816
816
816

., 8t

827
827
8et
845
845
845

845

845
845
845
845
889
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TARLE 1 (Cont.)

EVENT

Enable ACS
Disable Stage IIT Tank
Pressurization System

Remove Signal to Zero G
Prop. Experiment

Remove PS & Stage III HS

Remove A/P GC #8 and latch
Engine

Turn Off Command Control
Receivers

Turn Off MDS

Turn On ACS Heaters

Remove Pitch Roll Mix

Remove S.C. GC
PS & Stage III HS
S.C., GC

Start Stage III Engine
(136F8=1(3) )

Unlatch Engine
Disable ACS

Enable Stage III Tank
Pressurization System

Signal to Zero G Prop.
Experiment

A/P GC #8

Pitch Roll Mix

Lab Signal #2

HITC Purp Start Signu.
Enable QV-1l Eject

Stage III S/D (136FS-2(3))
gnable ACS

OBSERVED
ZULU TIME

(HR, MIN, SEC)

14:05:29.126

14:05:29.126

lu:05:29.l26
14:05:31.301

14:05:31.391

14:05:31.393
14:05:31.393
14:05:31.393
14:05:31.393
14:05:31.39%
1h:43:32,429
14:43:32.435

1hal3 0 %0436
14434436
1he43:hh,436

Lhe b3k 436

1hsh3s bl 436
L b3s kb 436
1h:b3sks k36
1hsb3: bl 436
14:43: 44,436
1443 44,436

14:43:50.576
14:43:50.576

15

OBSERVED PREDICTED
LIFTOFF TIME LIFTOFF

(sec) TIME (SEC)
886.926 889
886.926 889
886.926 889
889.191 891
889,191 891
889.193 891
889.193 891
889.193 891
889,193 891
889.194 891
3170.229 3180
3170.23% 3180
3182.236 392
3182.236 3192
3182.236 3192
3182.236 3192
3182.236 3192
3182.236 3192
3182,236 3192
3182.236 3192
3182.236 3192
3182.236 3192
3188.376 3198
3188,376 3198
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TARLE 1 (Cont.)
OBSERVED OBSERVED PREDICTED
ZULU TIME LIFTOFF TIME LIFTOFF
EVENT (¥R, MIN, SEC) (skc) TIME (SEC)
Disable Stage III Tank
Pressurization System 14:43:50,576 3188,376 3198
Remove Signal to Zero G Prop.
Experiment ‘ 14:43:50.576 3188.376 3106
Pitch Roll Mix © 14:43:50.576 3166.376 3108
Remove PS & Stage III HS 14:43:53,301 3191.191 3200
Latch Engine 14:43:53,391 3191.191 3200
Remove S.C. GC 14:43:53,394 3191.194 3200
Lab Signal #3 1h:4h:01,491 3199.291 3208
Arm Lab 25V Buss 1444201491 3199.291 3208
Activate Biocell 1hshb:01.491 3199.291 3208
Twrn On Recorder, Switch Low
Power Transmitter i
( Output to ;
. Multiplexer 1h:44:01,491 3199.291 3206
Switch LOW Transmitters to
Command Mode 14:44:01,491 3199.201 3208
Turn SSB & PCm Transmitters )
Off AR IRY o) R CTe) N 3199.291 3208
Turn Zero G Prop Experiment \ p
Blectronics OLf 14:4k4:01 491 3199.291 3208
Swicch 1OW T/ to Command Mode 1h4:4k:01,491 3199.291 3208
S.C. GC 1h:45:36,481 3204 ,281 3303
Lab Signal #4 1hel6:11 491 3329.291 3338
OV=1l Bject Signal 1h:46:11 401 3329.291 3338
Enablc OV-4 Eject 14:46:11.491 3329,291 3338
Remove S.C. GC 141462121404 3329.,294 3338
8.C. GC 14 h7:16,481 3394,281 3403
Lab Signal #5 b 47: 48,491 3426.,291 3435
OV=4T Eject Signal 1he47: 48,491 3426.291 3435
Remove S§.C. GC 144751 481 3429.281 3438
S.C. GC 1447257481 3435,281 bkl

L —— s+ A N, T




b VAL DA SR

i ( TABLE 1 (Cont.)
| OBSERVED OBSERVED  PREDICTED
! ZULU TIME  LIFTOFF TIME LIFTOFF
5 EVENT (HR, MIN, SEC) (sEc) TIME (SEC)
i
! Lab Signal #6 , 14:48:06.491 34k 291 3453
‘ OV-4R Eject Signal 14:48:06.491 344k .291 3453
! Remove S.C. GC 1h:48:09.531 3447.331 3456
' Remove Pitch Roll Mix 14:48:09.482 3447.282 3456
Remove A/P GC #8 14:48:09.482 3447.282 3456
: Lab Signal #9 15:14:20,491 5018.291 5027
: Fuel Cell Purge On 15:14:20,491 5018.291 5027
' Lab Signal #10 15:14:36.491 5034.291 5043
Fuel Cell Purge Off 15:14:36.491 5034.291 5043
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3.1.3.2.1 Observed Wind Data - (Cont.)

speed was down (o approximately 110 knots, shown in Figure 1,
and clearly showed that the winds aloft were diminishihg and
the launch could be undertaken. The wind direction profile,
shown in Figure 2, shows a predominately tailwind which is
typical of winds usually experienced at the AFETIR.

3.1.3.2.2 Aerodynamic Parameters

Trajectory characteristics related to the portion
of flight occurring in the sensible atmosphere have been
computed by combining vehicle position, velocity, and attitude
data from the ACED airborne guidance computer with the CKAFS
atmospheric sounding data discussed above. These trajectory
characteristics (relative wind velocity, mach number, dynamic
pressure, g-alphap, and total angle of attack) are presented
below,

3.1.3.2.2.1 Relative Wind Velocity

The observed relative wind velocity history is
presented with the predicted in Figure 3 and shows the
the observed initially low and then rising above the
predicted data in Stage O operation.

3.1.3.2.2.2 Mach Number

Figure 4 presents a comparison of the observed
and planned Mach number during Stage O, Although Stage O
gained velocity at a greater-than predicted rate, the actual
altitude profile was generally lower than expected which
resulted in the observed Mach number history being nearly
identical to the predicted. Analysis of Figure 4 indicates
that no differeunce can be see;)y betwe=n the predicted and
observed until late in Stage o flight when the observed can
be seen rising above the predicted.

A comparison of predicted and observed Mach number
histories during Stage I operation is presented in Figure 3.
Due to the higher-~than-predicted velocity profile throughout
the Stage I operation, the observed Mach number history is high.
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3.1.3.2.2.3 Dynamic Pressure

The observed dynamic pressure history Is presented
in Figure 6 compared to the pre-flight predicted history. 'The
two histories are quite similar although the observed is slightly
low during the time of maximun dynamic presswe. The obscrved
maximum dynamic pressure occurred at $8 seconds with a value of
approximately 789 lb/ft2 cogresponding to predicted values
of 57 seconds and 806 1b/ft respectively.

3.1.3.2.2.4 Total Angle of Aitack

The total angle of attack, presented in Figure 7,
was calculated by resolving the wind speed of Figure 1 into
components of relative wind velocity along the vehicle body
axis by using the wind direction profile shown on Flgure 2
and the body axis orientation from the guidance system gimbal
angles. No predicted angle of attack history is presented,
since a wind profile was not assumew 'n the reference trajectory.
The figurce shows a completely normed e .gle of attack history.

3.1.3.2.2.5 Dynamic Pressure - Angle of Attack Product

The airloads indicator, the product of dynamlic
pressure and total angle of attack, is presented in
Figure 8. Analysis of the graph shows that the maximum
value encountered throughout Stage O operation was
approximately 3,200 lb-deg/ft2 which is considerably
less than the Ge:inl imposed constraint of 4,500 lb-deg/ft<.

3.1.3.3 Stage O

3.1.,3.3.1 Yrajeectory Characteristics

The Titan III C Vehicle 9 flight
started from Pad 4O of the AFETR on 3 November 1966 at 13:50:42.2
GMI and 0,370 scconds after Ipnition of the Solid Rockel
Motors. "The axial acceleration at liftoff was 1.926 2's which
was only 0.08 s's iower than planned. The roll program was
executed satisfactorily resulting in a pitchout azimuth of
1077.62 degirecs, or only 0.12 degrees more than expected.
AllL discrecbeos Srom the puidance system occurred as scheduled.
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3.1.3.3.1 Trajectory Characteristics - (Cont.)

A comparison of Stage 0 predicted and observed
longitudinal acceleration histories is presented in Figure 9.
Tne comparison shows the observed to be low from 1liftoff to
20 seconds, above the predicted from 20 seconds to 50 seconds,
and then dropping below from 50 seconds to web action tim:.
Vehicle 9O also experienced significantly higher than planned
acceleration levels during tailoff of the SRMs.

Figure 10 presents & comparison of Stage O inertial
velocity histories, and shows the observed higher than
expected and diverging due to the high acceleration level
from 20 to 50 seconds. With the observed acceleration
running below predicted from 50 secoands through web-acticn
time, the velocity comparison of Figure 10 show the cbserved,
although still high, converging to predicted levels dwring
this time interval. With the actual 87FS-1 signal veing
issued approximately 0.6 seconds later than plamned, the
observed velocity at 87FS-1 was approximately 55 ft/sec
higher than expected. An additional 3% ft/sec gain over
predicted was realized between 87FS-1 and SRM staging, due

( to the high SRM tailoff impulse, to maske the observed
velocity at SRM jettison 89 ft/sec higher than expected.

The observed altitude profile is compared with
the nominal in Figure 11 and shows that due primarily to
the tailwind experienced during flight, Vchicle 9 failed
to maintain the predicted altitude history.

ﬁ 3¢le3¢3.2 Performance

Vehicle 9 lifted off with a gross weight of 1,420,671
pounds which is only 2.0 pounds heavier than predicted. This
4 small difference in 1liftoff weight together with the fact that
‘ the SREM propzllant grain temperature at liftert was measwred
to be T70.'( degrees (thc pre~test trajectory was gseneratod
assuming a propellant grain temperature of 70 degrces) would
suggest that the SRMs performed very close to predicted.

3e1le3.4 Stage I
3.1.3.4.1 Trajectory Characteristics

The axisal acceleration histories presented in Figure 12
show the observed acceleration level significantly higher than
predicted throughout Stage I operation.
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3.1.3.4.1 Trajectory Characteristics ~(Cont.)

(U) Figure 13 presents a comparison of predicted and
observed inertial velocities and shows that, due to the high
acceleration levels throughout Stage I operation, Vehicle 9
saintained a higher than predicted velociby profile. Stape I
acquired approximately 7,960'ft/sec in velocity which is
42.0 ft/sec more than expected. With the 89,0 ft/sec velocity
excess at SRM staging and the additional Stage 1 gain, the actual
vehicle velocity at 87FS-2 was 13,878 ft/sec or 131 ft/sec
higher than planned.

s (u) Observed and nominal altitude profiles are presented
?- : in Figure 1k for Stage I flight and shows that the observed was
initially low although after the guidance loop was closed

after SRM jettison the observed rose above the nominal late

in stage operation.

SRR s oo A

% ) 3.1.3.4.2 Performance

%

Y

E (c) The observed effective thrust time history is

! compared with the nominal in Figure 15 and shows the observed

(j higher than expected throughout Stage I operation., Detailed
analysis indicates that the actual thrust and effective specific
impulse averaged out to be higher than predicted. The actual
thrust had an average value of 489,557 pounds, approximately
9,670 pounds high and the effective specific impulse 0.96
seconds high at an average value of 288.21 seconds.

(STITEREC R

Bk era ot STyt

¢ (u) Analysis of Stage I burn time shows thal the stage
) burned 2.28 secconds less than predicted and ciperienced an

: oxidizer depletion shutdown with approaimately 536 pounds of
1 fuel outage.

3.1.3.4.3 Staging Camera Impact

(u) Figure 16 illustrates the location of staging canara
impact point and includes the nominal impact point with its
associated dispersion ellipse, an impact prediction deternined
from post~flight separation conditions, and the actual recovery
location.

o
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3.1.3.4.3 Staging Camera Impact - (Cont.)

The nominal impact location was delormined from the
vre~flighl trajectory and the dispersions about this point
include wind effects. The actual recovery point 1is approximately
16 n. mi. downrange from the nominal prediction, but on the
ground track of, the trajectory and well within the dispersion
ellipse.

The actual recovery point would be expected to be
downrange since the trajectory flown was hotter than predicted.
For comparison an impact prediction was made using the
separation conditions from the post~flight trajectory. This
predicted point is approximately 12 n, mi. downrange of the
nominal, however, wind effects were not included in the
prediction.

3ele3e5 Stage 1T
3ele3.5.1 Trajectory Characteristics

Stage II experienced slightly low acceleration levels
throughout its operational period. A comparison of predicted
and observed Stage II axlal acceleration histories is presented
In Figure 17 and shows the actual initially low, approaching
nominal values for a short interval, and then diverging below
nominal as burn time increased,

Velocity comparisons at Figure 18 show that with the
slightly low wocceleration level throughout its cperational
period, Stage II lost some of the velocity excuss that
existed at 91FS-~1 (denoted by the converging velocity histories).
The actual Stage II burn time was approximately l.7 seconds
longer than anticipated which accounts for the net velocity
gain for the stage being 7,428 ft/sec or only 19 fi/sec less
than predicted. Velocity comparison at 91FS-2 indicate that the
observed was 112 ft/sec greater than nominal with a value of
21,306 ft/sec.

Stage II maintained a near-nominal altitude profile
as shown in Figure 19, throughout its operational period. The
actual altitude profile ran slightly higher than predicted
throughout the Stage II burn period and was approximately
2,318 feet high at 91FS-2,

Yy e

3,
e

B e o




JUODTSNN—,

ik

4 S o 5

P T

2 hakd

P 1Y

PRINTED IN U.5.4, ON CLAARBAINT FLGHMIGAL PAMER NO. 1018

O X 220 VIVISIONS)

MILLIME KAB ROTH WaY

NO, €38,

CLEC RPRINT PAPEKR CO,

re i

e P vy
e e S e ) ...|
e I T ). ST kT '”'f”‘ , o— p i
o fos e PRy i n o e 2 = fo2er
g e i o i 3 B
e Naagied- = — G e
' 4=~ grapma —pe -a BoAtas
B g
ot
T— =
lamw=w @ "
= =3
5 OhEs : oy ]
T o a Yod e, SRR RS RN E .8:
pr— D TN prrvegegm | o »> gt -ty -t -
22 TF Eeue 3 £ ] S e o B e e Ry er ol = EY
o] - e e iR A e Hie 3 |
Fa 21 B i e = B
O X M i * =i ~}LEQ
HOO T P R E
- o st 23827 e fo =
KL RS
Sk T W e : :
e SoRSTs I fiye 430 t 7
T et 00
* s 3 - }_ﬂ
-
= =4
- &4

[Frrassomt
o)

El

11 i1

8 1T e

Fil fred
- bk P SN

Rt B2

-

~ NOIILVEITIDOV TVIXV
o ]




W nusamey

LR T

efernepon: offs nam.
u: L T

-

CRe e
n

L we ®omes:
peucie Qoo
comnw e

2 = - = -~ b Tt 2 pee
: :
e
& p

q:, \ g
g T Ty sty elewn
! : :

;
: ZoE :
i - s y
*
L] .o lE .
; o X St
s e
%
H
;
i

swmas  pavacs

Rt 14441 by

PRINTAD IN U.5.A, O CLEARPRINE VYECHHICAL PABER N9, 108

B

mowond aRTEEeT I an ighe mgns

R
4
rome B
e
[ J 1 5 [o]
TR o B T I Tt TR Er e O . 2 T LT = 0N
22 $ e z H s - p) =2
Poihag et - [ T H p e
[ ® Pt Fpor By arnd- e ePnmBeg e ot g - w - - P ol g wm -
o=y . Wee kS -
Rt st a3 o
[ s ey H =
g R T =
.

P
pbeboieg w efieg Somouh wople 8
ons i |

DS AFTER 91FS-1
"

o)
S
HOVEs BT A\ : et e i P ER TR
[} :'3 - -
0Ol O ‘\ T3 IRl et I g
( cone gegfC [ N z el H = : 5
S e s -2 = = Fr 2
ey e (S B <O i
2t "l O = i L i o E e g
- i OOk i & 3
z ZiEl< B0 SE ¢ i
2 S D E A
H o = TR = ;
5 L = 5
° [N R e ERER e i2Eq-2%%
: - ;’.- ! S it el - Gnpuan = b o 2
x : el a3 s b4 it
x : 2
2> -l neefm.
- R eetd S ot
-
<
; —---l‘-‘-- — Py -
I e - .72 '
>
- -
- ;
=
-
-
b 3
: .
2
b 4
-
(4]
[}
z
o
9
x
-
&
<
>
F
3 O:IS/:.J 000T ~ x.LIoo'mA TYITYIN
s .l,uu uun v ¥ - desgsirs [
! e i ! ! . ! Sl i ; !1. -

s




0 4 rerarse
.
.
.
.
©

R ; . - F
- .
i ' : '
- . 11 . g
i T 3 e ‘
i . : 2 ; fotet $- 4
: peEes P f H Tt
H 4 1T T -
S e - b
: et HeTt 1500 TEI : 3
g1 = T ot . F
= Tene [;
RIS R Ten X T e e
PR Fete e I R b R b
Rty B :": o4 R :;;" e I JEEL T P .
B i @ 8 it ’ -
: . k- St e
I Toer R PR TN § LR TN
: : o
: ;
il 5 I
( ' bt
T [<2)
fa
e
o
o &l §
- e ’
FI o & ’
4 3 £
e O X3
prd - O
<<i<f 22 4
el & 3
I > [
Ao
4
S .~
>
3 X
R =
H
4 L : . 418 . e 4
.l & .:;1‘“ fifn TR I e =
B el 1 ~ SONTILIYV
. £




v
pr
&
-
.
F
3
3
-

™

O ue

TV

T PR T

caaizhaaniii

e ST PO KV

P TR TN A S P i
.

www W

Vi

timm A sMuaARIt LA

R b R ea—

(c)

(v)

(v)

v

(v)

CONFIDENTIAL
45

3.1e35.2 Parformance

Tha low Stage II accelerations and long burn time
might indicate low Stage 11 performance. The detailed
veriormance analysis shows that although the thrust was
slightly low, the effective spzcific impulse was
consicderzbly higher than predicted. The actual etfrective
thrust bed an average value of 103,756 pounds compared te
the predicted average of 103,876 pounds with tix actual
effective specilic impulse 4.07 seconds bhigh at an average
valuc of 315.87 seconds. Figure 20 presents a ccmrarison
of tie total effective thrust histories for Stage II and shows
the actual to be considerably below nominal for the rajor
portion of the bwrn time although rising above necar 91FS-2.

Stage II expsrienced an oxidizer depletion shutdown
with %03 pounds of fuel outage after burning 200.996 seconds,
or 1.676 seconds longer than anticipated.

3.1.3.6 Stage III, First Burn

3.1.3.6.1 Trajectory Characteristics

A comparison of the observed and nominal aceelaraticn
ievels for the first burn period of Stage III is rresented in
Figure 2i. As the figure shows, Stage III experienced above
nominal acceleration levels throughout the first burn intervali.

Figure 22 presents a comparison of the actual and
nozninal inertial velocity time histcries for the first burn
rericd and shows the actual higher than expected and
diverging velocity as burn time increased with Stage III
programmed to terminate the first burn on an inertial velocity
of 25,693, fit/sec. Analysis indicates that the actual
velocity at 138FS-2(1) was 25,691 ft/sec or only 2.0 ft/sec
less than expected. The actual first burn ailictude prefile
is shown with the nomipz2l in Figure 23.

3.1.3.5.2 Performance

Analysis of the actual burning time indicates
that Stage I1I, with the first burn, satisfied the shutdown
criteria approximately 12.81 seconds earlier than expected.
Of this 12.81 seconds, 7 secoads can be attributed to the
112 ft/sec velocity excess that existed at 136FS-1(1), the
remaining 5 seconds must be attributable to high performance.

CONFIDENTIAL




Y

Pt

.

S ———

e e gy

PR ———

e oes) T e

-ty g mivfwrd B-- -

. e

LR P

"oy

PREDICTED
OBSERVED

J} }‘l |ll" IL!-!

PRINTED IN U.8.A, ON CLEARPIINT TECHNICAL PAPER NO. 1018

93110420

CITERTTCH,
91FS-1

1A
Peodtiey

G=9

sanarne

!

3121
e

"
T n-es

Tee

3!':!
.
auid

I

nm
Pty

ssve

3

222Y
ity
e
amd

24A TITAN IXIC
VEHICLE C-9
FLIGHT TEST
STAGE II

TITAN IIIC

=]

e

-

-

I

]

.

N

.

kY
]

et

erca f 24T

!

inst
]

>3
>

E

-
I
.t

Tainfice

H
7T

i

b

i : 13}
TIME ~ SECONDS FROM

333

140 X 220 DIVISION

i

d

It
<
T4 ke,

St
wat

e

e riqnats

MILLIMETZRS BOTH WAYS

NO Q9.

AFTRAW

ISELS

ETRInR

A
ea

H
]
:

it 1 000T o ISNEH

R 30 8¢ 2o LIRLS LR 3ot
[] - - 3 3. s
R TR R StH

CLCARPRINT PAMER GO,

BRIR

htr)

Lk bitianiid

ils




ey

A2

SraLeaviies

[ania

A

il Cos

AL

A 2

e

- .y —

PRINTRO IN U.3 A, ON CLEARPRINT TECHIICAL PAPKR NO, 1018

160 X 220 DIVISIONS:

MILLIMETERS EOTH WAYS

NO C39.

APER .
/.-\QLEARPRINYP ERCoO

[rovstes

e ye oy

ohendrer

H
]

Ay,

whe duwey.
v

~ye e

iy

~
)
fxe
[+ 0}
N\

po-e-terd

Yy

v rrveh

FLIGHT TEST

VEHICLE C-9
STAGE III

ot

TIME ~ SECONDS AFTER 1

FIRST BURN

ki

i

r——

e

23

g v fre g et




E TR WAL FRVE TR IHTEOTIONIY o
e TR TR o
o i e AT Al
: . . . it 3 R v
© 7 [og Bnb i wmx.w.n ] mazoomm ~ mzHa
NEF it i5; i
4 , hx . e i 0 -
Ll ‘ . w 2o a5 SR I St ST P MG Rt Sl i
o : & [t 2 S O IR N I I B
. H 1R 3=
=
X £ = 21 ~aeey
st i Tt
S EHE T
3] pad e 8ie T
. L |t
.o ) £ o
b Lo
, PR © QHA¥ASHO Shnw
I ATl
' 2 s | Suppeig
TR LR il
HERHLTE ucafeh{uict B
Ty HQN d C.
" ¥ v T -
' Tl teadt sadgq L m
. 7 13 :
seebperrddliizfiiet 108 S
._ F G Hit LS e ]
totrpl afredifinns L. =3
. > an o <
: He [ RIUE i 13 b}
: e ; ; it .
44 e H - i3 —
HIHL iH B : S
' 3 1 ] 150 BN ESREY LRLEE S303
(pH i 38 S8R 21 Mart LTSS T H pte] ',
' 3 H : b e HE Bt HE3 O .M
. R [ I R HRE a1 pag NG
) 3 i S A R Y M R i L
BB ik Hihifi P SREH L ?]
. iR ERIHE S i e Fif ] )
i 3 Aat
: ifi A " HH it i il il B
[ i i ! Ll ; : : st
. : : e Rif R G H :
. 1 1] kRIS i 1 :
H 41 Th IS M “ rm » wl. : hind
e s . t His i R R U 2]
o i 1 H i I III 3OVIS I
, T : : Rk t LSTL IHOINA e 3
. i s Sl : 2 6-0 TTOIHIA i ;
: H X !
3 . i k1 SOTTI NYILIL VH29:i.
o ] : HiTElS 0I1
- + M
S |1 1151 H1H i i . Al
3 TSI 1T 4 i
: a3 A I L I L B it Hil
.
:
-' .
. . hd - ,
13 v ! .
. . . Y - ; . .
‘ o T T10e JITYECH I | s .
w /u\ S101 "ON NXdVe IVIINHIAL ANIUNYS'ID NO 'V'S'N NI ORINING ( ISNOISIAIO OIZ X 09t SAYM HIOA SHILIWITUN  6¢D ON ‘OD Hidvd hl.!l!(UJU
‘
Pt bnas w3 E -

P . P TR R A AN
™ CTPRVRITHP IR ¥ 'y LRLL THL PSS A

T AT A, bS48 4%

s anniosn g ot D n B

bbbt b




ribtl S LR U N

B R R S R B e R T Y T s I R N TR AT Vs = e PN

LAY S

4 ; T=Sd8e T HOMI SANODHES ~ AWIL '
;9 T pe 1 — P32
3 002 5] :
¢
3 h -
» 9 1 1333
* $er
=+ 1 et
' Fees
the
1 o]
HHE e
e pg=se
ah A=
& b
. 5 § FERE
ie e
I 1 Bt
3t it
T
i
. v3e
{
i i
. : = T
) 2 i HEHE
i ¥ i
T it i
. 3 iy s
i i i ot ;
[ 1
i :
T 5
; s
I re
gl
_. =
1 : III TOVIS
g OSEAL LHOITA
Hi  6=0 TIOIHEA
’ i TOIIT NVIIL Vhe
+ RS LS
e,
’
@ e
. v GV,
( SID} 'ON WIdVe AVYDINHOZL INIUIHYIND NO 'V'S N NI O2LNING o’ ISNOISIAIQ OZZ X C9L SAVM H108 SHILIWIININ $CD ON ©D ¥IJVd hZ.!&((U.( w

f i in 2 g e




prkoae s

T T

IR

e o it 4o

e

K

[EP e

P

P

[

()

3.1.3.6.2 Performance - (Cont.)

The high actual acceleration lcvels throughout the
first burn period together with the shorter than anticipated
burn time indicate high Stage III performance for the first
ourn period. The performance analysis agrees with this and
demonstratec that both the thrust and effective specific impulse
were considerably higher than predicted. The actual thrust
was approximately 362 pounds high with an average value of 16,430
pounds and the specific impulse 3.64 seconds higher than
predicted with an average value of 305.22 seconds. Stage IIT
first burn thrust histories are presented in Figure 24.

3.1.3.7 Gemini Separation

The Gemini separation maneuver involved decelerating
the transtage - MOL ~ Adapter (TMA) away from Gemini by the
use of 5 retro-rockets, and pitching the TMA nose up by use
of the asymmetric arrangement of the retro~rockets and
pitzharcll mixing of the ACS rockets. The proper separation
rates were achieved, but the TMA pitched nose-down during
retro-rocket firing instead of nose~up. Figure 25 compares
the predicted with the observed attitude changes after Gemini
separation. The desired attitude was eventually achieved by
virtue of an extended ACS action time. Qualily verification
and 1iftoff films confirmed that the retro-rockets were properly
located on the vehicle, thus ruling out the remote possibility that
the three rocket cluster had bean placed on the side intended
for the two-rocket cluster, and vice versa.

‘The initial longitudinal acccl:rtion (before the
transtage propellarts have started to be ?:celerated) predicted
during retro-rocket firing was 3.9 ft/sec . Guidance data
indicated 3.9 ft/sec, and the & 2.5 g accelercmeter indicated
3.5 ft/secc. The predicted velocity increment during the
period of retro-rocket firing was T.65 ft,/sec. This increment
includes the effects of the propellants translating. Integratic
of the observed accelerations resulted in 8.0 ft/sec and 7.5
ft/sec from the guidance and the ¥ 2.5 g accelerometers respectively.
From this data it is concluded that all five retro-rockats
fired.
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3.1.3.7 Gemini Separation -~ (Cont.)

. An analysis (documeqted in the Fluid Dynamics Section)
indicates that the exhaust plume of'one retro=rocket could
exert a force of 177 pounds on the TMA skin 14 inches ahead of
the nozzle exit plane, It was also indicated that the ACS
pitch rocket plume could exert 8 pounds of force on the skin
20 inches ahead of the nozzle. These forces were calculated
from a method accurate to within ¥ 20 percent., Since the
plume impingement force of one of the retro-rockets is not
counterbalanced by antother force diametrically opposite,

a net nose~down torque of 3700 ft-1h about the TMA center
of gravity was produced by the retro-rocket plume
impingement. Similarly, the pitch ACS rocket plume impingement
force produces an additional nose~down torque of 130 ft-1b.
Neither of these torques were considered in calculating

the predicted TMR attitude history in Figure 25. Among
those that were considered were the not torque from the
retro-rocket longitudinal forces, 240 ft-lb, and that trom
the ACS pitch~roll rockets, 930 1b, Both of these are
nose~up torques. Algebraically summing these calculated
torques produces a net of 160 ft-1b nosedown torque

about the TMA center of gravity. The observed attitude
data indicates a nosedown torque of 610 ft-lb was present.
The difference between the calculated and observed torques
could be caused by either the & 20 percent uncertainity

in the plume impingement forces or by the transtage propellants
being located necar the sides of their respective tanks.,
Other factors that could contribute a portion of the
difference are uncertainties in predicted mass property
characteristics and in thrust vector alignments and
magnitudes. The torque values given in the preceding
raragraph were obtained assuming the transtage propellants
were in the art ond of the tanks.

The vehicle attitude history after retro-rocket
firing was quite close to what would be expected with plume
impingement forces considered. Maximum pitch-down rate
also occurred at the end of retro-rocket burn. This indicates
that the anomaly existed only during retro-rocket action
which would further indicate the anomaly was caused by plume
impingement.




3.1.3.7 Gemini Seraration = (Cont.)

t is con:luded that all five retro~-rockets fired and
that satisfactory seraration rates were achicved. It is
fwechier concludad that rocket plume inmpingrement on the TMA
skin and possibly some motion of transtage propellant relative
to the tanks caus2d a noseadown motion during; retro-rocket
acticn, instead of the desired noscup motion.

The Gemini spacecraft was separated at $10..237
seconds atter liftoff with the following conditioms:

Inertial Veloeity ft/sec 25,721 .947
Altitude feet 523,273.25
Flixht Path Angle deg -1.6036

Th2 pre.:st trajectory called for the Gemini spacecraft to
2 sare.rated at 813.0 seconds with the following conditions:

Inertial Velocity ft/sec 25,721.906
Altitude feet 523, 394.25
Flight Path Angle deg -1.8035

A comparison of the above numbers shows that the Gemini was

separated with conditions that were very close to those
desired,

3.1.3.6 Stage IIT S cond Bura

R.1.3.8.1 Trajectory Characteristics

i'igure 26 presents a comparison of nominal and actual

acceleration levels for the second burn of Stage I1I and shows
the actual acceleration level rumning slightly high although
convereing to mominal values by shutdown.

With the nigh acceleration level, Stage III
maintained a high velocity profile throughout the second burn
period as shown on the velocity comparieons of Figure 27.
Analysis indicate that the second burn period was terminated on
a velocity of 25,795 ft/sec which was only 2.0 ft/sec more
than expected.

Stace III maintsined an altitude profile lower than
nominal throughout the second burn as shown in Figure 2&, which
resulted in an altitude 2,912 feet lower than predicted at
138 Fs 2(2).
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3ele3.8.2 Performance

The orbital injection velocity requirencent for
terminaticn of the secosd burn period of Stapge II was
satisfied 0.58 seconds earlier than expected. This fact,
together with the slightly high acceleration level, would
indicate high Stage III performance for the second burn
period.

The performance analysis shows the actual thruct
level averaging 16,420 pounds which is 617 pounds higher
than predicted. Figure 29 presents a comparison of thrust
histories for the second burn and shows the actual thrust
high throughout the burn period., Further analysis of the
specific impulse indicates that the actual effectives
specific impulse was also high with an average value of
305.04 seconds compared to the nominal of 300.96 seconds.

3010309 Transfer Orbit

The actual transfer orbit obtained with the second
Stage III burn period is compared with the nominal in Table 3.
The actual orbital data was derived from telemetered IGS

data and shows that the second burn period established a transfer

orbit that was very clese to nominal.

3¢1+3.10 Stage III Third Burn

3.1.3.,10.1 Trajectory Characteristics

At 3,182.236 seconds after liftoff, Stage III
ignited again for the third burn to inject ithe payload into
the final circular orbit. The actual acceleratlion level was
slightly low throughout the short burn period as shown in
the acceleration comparisons of Figure 30.

Figure 31 presents a comparison of the actual
and nominal inertial velocity histories for the third
transtage burn and shows that Vehicle 9 falled to maintain
the nominal velocity profile. Analysis indicates that with
a burn time of 6.14 seconds, Stage III shut down on a velocity
of 25,363 ft/ser to successfully inject the payload into the
final circular orbit. The pretest trajectory called for
Stage III to shutdown, after a burn of 5.8l seconds duration,
with an inertial velocity of 25,365 ft/sec and an altitude
of 971,390 fect. Therefore, the actual inject conditions

1
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3.1.3.10.1 Trajectory Characteristics - (Cont.)

were only off 2.0 ft/sec and 493 feet in velocity and altitude
respactively, and were sufficient to establish a final circular
orbit that was close to nomipal. Figure 32 presents the
actual altitude profile for the third burn period.

3 ele 3 .10 «2 Performance

A comparison of the actual and predicted thrust
levels is presented in Figure 33 and shows that Stage III
experienced low performance during the third burn period.
Analysis shows the actual thrust to be 182 pounds low with
an average value of 16,180 pounds coupled with a specific
impulse averaging 300.58 seconds, slightly higher than

predictede.

Stage III was required to burn an additional 0.33
saconds longer than expected to satisfy the orbital injection
velocity requirement for termination of the third burn period
and this furthev substantiates the low thrust conclusion
drawn from the performance analysis. An oxidizer outage of
135 pounds together with & propellant margin of 1,787 pounds
(33.2 seconds of burning time margin) existed at termination
of the third burn. The pretest trajectory indicated that the
Stage III propellant margin at termination of the third burn
would be approximately 664 poinds or 12,34 seconds of burning
time margin.

3.1.3.11 Final Orbit

The MOL Simulated Laboratory and the threc satellites
(OvV-1, OV4=1T, and OV4~1R) carried on Vechicle 9 were successfully
injected into a circular orbit. Table 3 presents a comparison
of the actual and nominal final circular orbit parameters.
The ectual orbit numbers were derived from telemetered IGS
data and show that Stage III, with the third burn, established
a final circular orbit very close tc predicted,

3.1.3.12.1 Stage 0/I Separation

Stage O/I Separation appeared to be normal with no
anomalies notede. Figure 34 shows a comparison between telemetered
and predicted reel data. The core roll transient was about he
same magnitude as those run on Vehicles 4 and 7. All available
date indlicate a successful separation.
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FIGURE 34

8°0

9°0

7*0

2’0

g g0

IS «» IONVYNQHO NOIIYEY-IZT NIIAY IHIL

9°0

_ w = m . °
L 7 Prdl
— Y/ N
! \ \
Wi/ 17 )
m 3
4 4 \\ \\\ M , 2
\ Y / QIANESEO - - - X 1/ i m
/17 QEIOIRId / ~\ =
y \\ e \\ / 2
s\\\ SIS \ \\\ THNS . m
TEIY IdY % \\ \\ \ ¢
\. I LY —yf f kw 3
/ | /]
\ ' ..numm~ \__ Picicts) 8
YVAHOL QuymE0S !
\ \ auv, moﬂ \ \ \ ,
/ Q
\\ \\ ; / \ i or
A¥OLSIH NOIIVHYJES I/0 ZELYIS
6-0 @IOTHYA  DIIT NVIIL v429
o -




3.1.3.12.2 Stage I/II Staging

The Stage I/II staging appears to have been
successful. The separation reel data show initial motion
occurred at 0.67 seconds after 87FS-2, Figure 35 presents
the Stage I/II relative separation history and shows good
comparison between the predicted and actual separation. No
anomalies were noted during separation.

3.1.3.12.3 Stage II/III Staging

The separation reel data shows that 10 feet of
separation was achieved in 1.7l seconds. Figure 36 presents
a comparison of measured deta versus predicted with all the
three retro-rockets firing and zero Stage II thrust at the
time of separation ordnance. A good comparison 1s noted,
indicating a successful separation.
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FIGURE 35
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FIGURE 36
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3.2 AIRBORNE SUBSYSTEM EVALUATION

3.2.1 Progulsion
3.2.1.1 Introduction

3.2.1.1.1 Summary

All Article #9 flight objectives were accomplished by
the Propulsion systems except the final ACS maneuver. Due to
depletion of ACS propellants and subsequent loss of attitude
controcl, the final vehlcle pitch and roll rates were not
achieved,

3+2.1.1.2 Configuration

The configuration of the Propulsion systems on
Article #9 was the same as Article #CL1 and #C12 with the
following Stage III exceptions:

a. Redundant flight pressure switches were installed
on #C9 as they will be on Article #C5 and #C10.

b. The upper and lower mid-tank level sensors were not
installed on Article #C9. The effectivity of this
change is Article #C8, #C10 and up.

¢. Several changes were made to improve the thermal
control of the Stage III engine and a»e covered
in detail in that section.

Article #C9 was the second vehicle to fly a heavy
ablative skirt on Stage II.

3.2.1.1.3 Prelaunch

No holds were encountered in the countdown due to the
Propulsion systems, The Stage II oxidizer tank decayed out-of=
limits during & hold that was initiated for excessive high
altitude winds,

Propellant tenk temperatures were reduced by the cold
front (4U°F) that moved through the launch area. Due to the
greater influence of the ground air-conditioning system on some
tanks, all tanks were not affected the same, The effect of
this cold front on propellant probe temperatures from completion
of loading to lift-off was as follows:

-
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T0
3.2.1.1.3 Prelaunch - (Cont.)

Loaded 1/0 Ave, In-Flight

Stage I Fuel 62.5 57.8 62.5
Stage I Oxidizer 82.6 64.0 67.0
Stage II Fuel 82.0 64,5 65.0
Stage II Oxidizer 82.0 63.4 65.0

3-20101.)4' Stage 0

The SRM ballistic performance was satisfactory. Ignition
delay, web action time and tall-off performance were all within
specification., Thrust vector control performance was also
gatisfactory during the terminal countdown and flight.

Motor performance predictions, i.e., thrust, total
impulse, and specific impulse could not be calculated for this
flight since UTC did not supply detailed propellant characteristics.,
All data in this report have been compared with the UTC
predictions, UTC model specification and IFS-TIII-14001, where
applicable.

Several anomalies were noted by the DRS on the SRM
lgniler S&A circults after SRM ignition, UTC has advised Martin
that these are not cause for concern.

3.2.1.1.5 Stage I

The overall performance of 8tage I was satisfactory.
A slight thrust spike was observed on the start transient. Although
acceptance data for this engine are within specification, a
tendency toward a "hot-start” is noted. Some evidence of "POGO"
was observed during steady state operation, Shutdown exhibited
normal oxidizer exhaustion.

3.2,1.1.6 Stage II

The overall performancz of Stage II was satisfactory.
A thrust overshoot was observed on the start transient which is
in excess of the existing specification. On subsequent vehicles
(except Article #C13), the amount of overshoot noted on
Article #C9 will be acceptable due to a specification change.
Stage II fuel tank gas pressure showed some deviation from
predicted, however, flow box points are well within specification,
Shutdown was caused by oxidizer exhaustion with several chamber
pressure spikes noted before the thrust chamber valves were
closed.,
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3.2.1.1.7

3-2.101 08

Stage 111

Actual flight data showed tank gas pressures to be in
general disagreement with preflight predictions. This
occurred as a result of the following:

a. The tank top wressurization system check valves were
replaced prior to vehicle shipment. This information
wag not included in the Art. #C9 predictions.

b. Agitation of the propellants at solid retro motor
firing after Gemini separation ceused an increase in
tank gas pressures that was not predicted.

The error in the tank gas pressure predictions caused a
corresponding error in the predicted mixture ratio.

Engine throat temperatures were higher than have teen seen
on previous flights indicating ineffectiveness of the
radiation shields.

A slight thrust overshoot was experienced on the chird burn
start transient.

AcS

Attitude control was maintained for approximately 90% of
the Article #C9 mission. Propellants were expended prior

to the final pitch and roll maneuver due to the excessive
duty imposed on the Attitude Control System. Exhaust plume
impingement from the 45-1bs thrust engine modules reduced
control effectiveness to approximately 50% of intended
control authority. Additional ACS usage was also encountered
at retro motor firing after Gemini separation. Due to plume
impingement of the retro motors, an improper pitch rate was
imparted to the vehicle. These excessive usages caused high
heat soak-back and some loss of performance,

3.2.1.2 8o0lid Rocket Motors

302-102.1

Ignition

Motor ignition delays were within limits and are presented in
Table )"- .

The ignition current history of both motors is shown in
Figure 37. Analysis of the 1600 sps ignition current history
showed igniter current starting to rise at 1350:41.856 GMT
for SRM 1 and SRM 2,

dak aliabigk
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3.2.1.2.2
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Ignition (Cont'd)

Igniter case pressure rise during ignition was normsl as
indicated by Figures 38 and 39.

Several anomalies were noted on the DRS after SRM ignition.
At SRM ignition command +00:00.040, DRS chamnels 43 and 44
indicated SRM-1 and 2 igniter S & A safe. To achieve thzse
indications open contacts have to close. This phenomenon
has been observed on previous flights and is attributed to
contamination from the igniters shorting the open contacts
in the igniter S & A's.

At this same time DRS channel 052 indicated SRM~1 ignitor

S & A safe. To achieve this indication a closed S & A
contact has to open, This condition could have been caused
by the high vibration level associated with SRM operation.

At SRM ignition command +00:00.150, DRS channel 522 indicated
SRM 1 and 2 igniter S & A arm command. This command was
removed at SRM ignition command -00:00.5 and associated DRS
channels indicate that the command dld not originate from the
AGE. DRS channel 522 pulsed several times prior to LBIE
drop indicating an intermittent short within the igniter

S & A,

UTC states that any electrical anomelies noted in the igniter
S & A circultry after SRM ignition are not cause for concern
and they will not take any further action.

Web Action Time Performance

The UTC predicted and actual head end pressure histories for
the motors are shown in Figures 40 and 41, The actual
conditions show excellent agreement with the predicted
conditions during web action time. Examination of the data
for both motors showed that the maximum initisl head end
pressure was within the limits as presented in Table L,

Tailoff

Analysis of the data for both motors indicatcs that the tail-
off performance was normal. See Figure 42, A maximum thrust
differential of approximately 70,000 pounds between the motors
existed during tailoff. The thrust differential between the
motors did not canstitute a control problem during tailoff.
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FIGURE 4o
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3.2.1.2.4

3e241.3

3.2.1.3.1

3.2.1.3.2

3.2.1.3.3

79

Propellant Consumption

The UTC model specification states that the total SRM
nominal propellant weight shall be 421,480 pounds. Actual
propellant loaded was 421,970 pounds for SRM 1 and

422,390 pounds for SRM 2.

Thrust Vector Control

Tank Pressurization Control System

The thrust vector control (TVC) tank pressurization control
system (TPCS) performed satisfactorily during the terminal
countdown and flight. The TVC nitrogen and Ngou tank pressure
histores are shown in Figures 43 and L.

At T-00:30, the TVC GN, tank pressures were 3146 and 3174 psia
for SRM~-1 and SRM-2, respectively. These values were measured
by both landline and airborne telemetry, The loading tolerance
on the tanks is 3300 * 100psia. This decrease in tank
pressure is attributed to the rapid drop in amblent temperature
that occurred prior to launch,

The opening of the prevalve created a water hammer in the
injectant manifold on both motors, (refer to Figure 45).

The maximum injectant menifold pressure was 997 psia for SRM 1
and 785 psia for SRM 2. The injectant manifold is hydrostated
to 1600 psia during acceptance.

Hydraulic Power Supply

The hydraulic power supply operated within specification
limits throughout the terminal countdown and SRM flight.
Hydraulic supply pressures remalned above 3,000 psia for both
motors during the flight and the hydraulic reservoilr level
varied between 55 and 65 percent.

TVC Injectant Valves

The TVC injectant valves responded to all autopilot commands
issued during the flight.
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FIGURE 45
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Pitch and Yaw Control
The performance of the TVC injectant dump programmer which
is an integral vart of the pitch and yaw control was
satisfactory during Stage O flight. The dump command k- story
was as follows:

SRM No., 1 SRM No., 2
Igniter Current
First Rise GMI  1350:41.856  1350:41.856
Dump Start GMT 1350:42.0 1350:42.0
Dump Off GMT 1352:22.2 1352:22.6
TVC Injectant Consumption
TVC injectant consumption was determined from injectant valve
potentiometer voltages and autopilot pitch and yaw command
voltages. f
SRM No, 1
Total (Pitch and Yaw) Command Injectant
Consumption 3,357 1lbs.
Dump Command Injectant Consumption 6,562 1lbs.
Total Injectant Consumption 9,919 l1bs.
SRM No. 2
Total (Pitch and Yaw) Command Injectant
Consumption 3,681 1bs,
Dump Command Icjectant Consumption 6,432 1bs,
Total Injectant Consumption 10,113 1bs.
Total TVC Injectant Loaded was 13,680 lbs. for each SRM,

Ordnance

Inadvertant Separation Destruct System

The inadvertent separation destruct system (ISDS) was not
required to function during the flight. The ISDS disable
command was received at T+110.6 seconds.




]
| (
3.2.1.4.2
3.2.1.04.3
3.2.1.h.4
{
3.2.1.4.5

Thrust Termination and Destruct Systems

There were no thrust termination or destruct commands
issued or received during the flight,

SRM Staging Motors

Tracking cameras, airborne staging films, and staging reel
data verified that vroper staging of both motors from the
core occurred.

The serial numbers of the SRM staging motors and their
igniters installed on this vehicle are presented in Table 5.

Stage II Retro Motors

Separation of Stage II from the transtage is accomplished by
firing three retro motors located on Stage II. Staging reel
data indicated a Stage II/Transtage separation of 10 feet

in 1.6 seconds. All three motors must fire to achieve this
separation rate. The specified minimum separation rate is
20 feet is 10 seconds.

MOL Sim Lab Retiro Motors

The MOL Sim Lab was to be separaled from the Gemini capsule
by firing five retro rocket motors identical to those used for
Stage II/Transtage separation. Analysis of acceleration data
indicates that all five motors fired at the predicted thrust
level and burn time.
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TABLE 5

SRM STAGING MOTOR LOCATIONS

Staging
Location SRM Motor S/N
FWD Top 1 0001155
FWD 2 1 0001156
FWD 3 1 0001157
FWD Bottom 1 0001158
AFT Top 1 000119
AFT 2 1 0001160
AFT 3 1 0001161
AFT Bottom 1 0001192
FWD Top 2 0001195
FWD 2 2 0001196
FWD 3 2 0001199
IWD Bottom 2 0001200
AFT Top 2 0001201
AFT 2 2 0001202
AFT 3 2 0001203
AFT Bottom 2 000120k

Ingiter
S/N

000159k
0001595
0001596
0001598
0001604
0001605
0001606
0001607
0001599
0001600
0001.602
0001603
0001608
0001609

0001610

0001611

86
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3.2.1.5 Stage I
3.2.1.5.1 BEngine (S/N 6241010)

Start Transient

The Stage I engine start transient exhibited a chamber
pressure buildup spike which was out-of-tolerance with

the specification stipulated in the Martin-Aerojet Inter-

face requirements. No degradation was noted in engine
performance as & result of the excessive buildup spike and

at present Aerojet is analyzing the data in order to establish
a possible cause for the anomaly. Subassembly chamber
pressures during the start transient are shown on Figure 46.
Summarized start transient data are presented in the following

table:

Parameter Specification S/A 1 S/A 2
87 FS; to Ignition

(sec) 0.7 = 1.1 0.780  0.80k
Thrust Spike (1lbs) 177750 (mex) 181837 176441
Thrust Spike % 75 (max) 76.7 Thok
Thrust Step (lbs) 142200 (max) 121246 126945
Thrust Overshoot (1bs) 300000 (max) 272016 263921

Steady State Operatlons

Stage I measured engine data aere tabulated in Table 6. Level
sensor data indicate that the average mixture ratio burned

was approximately 0.46% less than that predicted utilizing

the engine model program. This Fifference is within the
three-sigma log-to-launch dispersion limits of +1.60% indicating
normal engine operation.

The calculated engine thrust from flight data (F=P,A.Cp + Fgg)

at FS, + 90 seconds and accelerometer derived thrust were 1.31%
and 2.22% greater than the preflight predicted thrust,
respectively. With preflight data corrected to include post-
flight inlet conditions, the difference in thrust are spprox-
imately 0.89% and 1.80% for PC derived and accelerometer
derived thrusts, respectively. This disversion in thrust

about the predicted thrust level is within the three-sigma
log~to-launch 1limits of +3.27%. These data are shown in
Figure 47.
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CONFIDENTIAL

TABELE 6 %0
STAGE I MEASURED ENGINE DATA
Data averaged over two scecond interval (100 sample/sc.)
Time from FS, Foy Pea POS FFS 708 TS
Sec. psia psia psia psia ¥ F_
6 806 803 73.8 34.0 60 OL.2
10 803 803 Gk .0 31.9 5.7 GL.6
16 800 8ok 69.0 33.5 66 6LLT
20 799 80k 68.9 33.3 66.1 62.0
3 T96 802 68.9 33.9 65k ol
55 199 8ou 697 32.9 6.9  62.8
75 806 807 71.8 32.3 67.3  63.2
90 809 808 73.3 3L.3 67.6  63.4
110 806 806 76.1 30.6 8.1 6346
125 807 807 794 29.3 6By 643
140 806 805 82.3 2(.9 B 6.8
148 773 e 58.7 26.1 73.8  65.3
ENGINE PERFORMANCE AT 87 FS; + 90 SEC
Parameter Units Predicted Actual Flight
Fanc Lbs L8097 L8 o6y
&om Lbs/Sec 1115. 31 1120 1 %
&FT Lbs/Sec 562,82 572.L4*
Woor Lbs/Sec 1678.13 1692.60%
AVS MRy ——— 1.976 1.958%
ISPayg Sec 287.27 287.9%

*¥Level sensor data.
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Steady State Operations (Cont'd)

Inlet suction and pump discharge pressure variations indicate
Stage I vehicle pogo. Details regarding the pogo analysis
are given in the System Dynamics section of this report.

Shutdown Transient

The Stage I engine exhibited a normal oxidizer exhaustion
shutdown., The shutdown transient chamber pressures for both
subassemblies are shown in Figure 48, Total Stage I engine
burning time was recorded as 148,018 seconds. Ignition (87FS;)
occurred at 13:52:32,382 and shutdown (87FSp) occurred at

13:55:000377'

Flight controls data have indicated an actuator motion at
13:55:00,351 GMT during Stage I engine shutdown. BEngine
parameters were investigated at that time for a possible
affect on the actuators. No significant variations from a
normal oxidizer exhaustion shutdown were noted., Oxidizer
shutdown transients such as seen on Vehicle B-1l and B-2

and C-7 were compared with C-9 for possible differences. No
comparable actuator motions were seen in either B~l or B-2;
however, C-7 indicated actuator motions similar to ihose
noted on C=9. Actuator motions for C-7 and C-9 coilncided
with P, spikes which are typical of Stage I engine cxidizer
exhaus%ion shutdowns. Flight control system analysis
indicates that the actuator motions were not internally
induced and are probably a result of forces on the chamber.
Refer to the Guidance and Controls section of this report
for additional discussion of this phenomenon.

Thrust Chamber Closures

The recorded temperatures indicated no abnormal functioning
of the Stage I thrust chamber closures throughout SRM thrust-
ing. The measurements #3098 and #3099 are shown in Figure 49.
These measurements are the skin temperatures of the fuel
cross-over manifolds of subassemblies 1 and 2, respectively.
Since these parameters are subjected to the Stage I engine
flame, they can be disregarded beyond the time of Stage I
engine ignition.

e et ———————
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